Background: The mortality rate of neonatal tetanus (NNT) remains high in Nigeria. The study was guided by Mosley and Chen's model for the elements of child survival in developing countries. The goal of the study was to assess the associations between selected NNT risk factors, number of maternal tetanus toxoid injections, frequency of antenatal visits, place of delivery, and cord care with neonatal mortality as the outcome variable. Methods: The study is a retrospective record review using data from 332 NNT records and analyzed using a logistic regression model.
Introduction
Recent studies have stressed the need for disease surveillance systems to have the capacity to detect events associated with diseases. 1 The Institute of Medicine recommended that new approaches in disease surveillance systems are required to strengthen rather than replace the existing ones. 2 Although the risk factors for developing neonatal tetanus (NNT) are well documented, the associations between the disease and neonatal mortality are still not well understood. 3 Of serious concern, little is known of the associations between NNT risk factors and NNT mortality, 3 which showed an important gap in the literature that requires further research. The outcome of this study can be used as evidence to strengthen the NNT surveillance system by looking at new approaches as well as introducing identification and analysis of NNT mortality risk factors. The data obtained can then be used to improve the quality and coverage of specific NNT public health interventions that will invariably reduce neonatal deaths. 4 This study focused on 4 events associated with NNT that occur during antenatal, natal, or postnatal periods: the numbers of tetanus toxoid injections received by pregnant women, frequency of antenatal visits before delivery, place of delivery, and cord care. framework is that child mortality occurs due to socioeconomic and cultural factors that operate through intermediate factors also known as proximate factors. 5 The framework was developed as a result of efforts by Mosley and Chen to integrate the roles of socioeconomic and cultural variables with the roles of disease processes in child health. 6 Examples of socioeconomic factors include parental marital and employment status, parental education, race, residence, beliefs, and so on. Proximate factors are those events that are closest to causing an outcome. The proximate factors selected for the study were number of tetanus toxoid injections received by mothers, frequency of antenatal visits attended by mothers, place of child delivery, and cord care provided to child after delivery. The choice of these variables was based on a literature gap regarding the associations between the selected proximate factors and neonatal death among newborns diagnosed with NNT in Nigeria and sub-Saharan Africa.
Tetanus Toxoid Vaccine
Tetanus toxoid vaccine is an inactivated vaccine that is administered to prevent tetanus infection in individuals. To reduce the global burden of NNT, the World Health Organization (WHO) introduced vaccination of tetanus toxoid to pregnant women in national immunization policies and strategies. 7 According to Blencowe et al, 8 deaths from NNT still remain endemic in Nigeria and India due to poor coverage of tetanus toxoid vaccines in rural communities. Death in neonates infected into tetanus often occurs due to prolonged periods of lack of oxygen supply to the brain (hypoxia) as a result of tetanus toxin-induced spasms and rigidity to the respiratory muscles. 9 An immunization coverage survey conducted in Nigeria showed that out of 601 mothers surveyed, only 25.2% of the mothers received the first dose of tetanus toxoid, while only 13.6% of the mothers received the second dose, and finally only 61.2% of the mothers received both first and second doses of tetanus toxoid. 10 Omotara et al 11 reported that immunization coverage of vaccine-preventable diseases in Northern Nigeria was lower than the south; however, there is limited evidence of contemporary literature on the actual coverage of tetanus toxoid among pregnant women in Northern Nigeria.
Antenatal Care
Antenatal care (ANC) is a systematic medical supervision of a pregnant woman by trained health personnel from conception up to the time of delivery. The WHO defines ANC as when a pregnant woman pays one or more visits to a qualified health worker during pregnancy. 12 The WHO and United Nations Children's Fund have recommended 4 visits as the minimum number of antenatal visits for each pregnancy from conception to delivery. Evidence from studies has indicated varying levels of utilization of ANC across sub-Saharan Africa. 13 Despite this, no attempt was made by the researchers to identify the association between the levels of utilization of ANC services and neonatal mortality. Tetanus toxoid immunization is the vital component of ANC that determines NNT mortality rate in a community. If the tetanus toxoid coverage is high during ANC, then newborns are less likely to get infected with NNT. However, there is little empirical evidence on the missed opportunities for immunization against NNT among pregnant woman during ANC visits and its association with neonatal mortality in developing countries. 14 Nevertheless, Babatunde et al 15 conducted a 5-year review (2007-2012) of 1130 clinical case notes in a tertiary health center in Southwest Nigeria. The researchers found only 6 clinically diagnosed NNT cases out of the 1130 cases in the hospital within the 5-year period. The results showed that 4 (66.7%) of the NNT cases had mothers who did not attend ANC during pregnancy. The researchers however did not attempt to assess any association between the lack of antenatal visits and NNT mortality rate during the 5-year period.
Place of Delivery
The place of delivery is an important factor in the prevention of both maternal and neonatal mortalities. Place of birth could be at home or in the health facility. Home births occur when a baby is delivered at the mother's place of residence. 16 By definition, skilled birth attendants are accredited health workers that include physicians, nurses, or midwives who are trained in the skills required to attend to or manage pregnancies that are uncomplicated, normal deliveries and during the postnatal period, and also identify, manage, and refer complications in mothers and newborns. 17 Traditional birth attendants (TBAs) are unskilled workers, thus are not included in the definition of skilled birth attendants. Pregnant women who deliver at home are often attended by TBAs in developing countries. 18 The proportion of births attended by skilled birth attendants is vital in reducing neonatal mortality. Skilled birth attendants reduce neonatal deaths through safe and hygienic delivery practices to avoid NNT infection. They often use sterilized instruments to cut and clean the umbilical cord during and after delivery, respectively. Some common unhygienic delivery habits practiced by unskilled birth attendants that predisposed neonates to tetanus infection include treatment of umbilical cord with soil or cow feces which is likely to be contaminated with Clostridium tetani, the causative agent of NNT, 19 and unclean/unsterilized razor blades. 20 Lawoyin et al 21 
Cord Care
Cord care is a specialized care to the umbilical cord of a newborn commenced from delivery up to the time it falls off to prevent the transmission of infection. Studies have shown that about 25% of global neonatal deaths were attributed to poor cord care which leads to umbilical cord infections including NNT. 23 Umbilical cord infections are collectively referred to as omphalitis. The incidence of omphalitis in Turkey was as high as 77 per 1000 live births 24 and 217 per 1000 in Pakistan. 25 Poor cord care practices can cause omphalitis, such as cleansing the umbilical cord with contaminated substances, which is a usual practice by unskilled attendants at home delivery, and local sterilization of the umbilical stump using direct thermal heat, which destroys the umbilical cord tissue leading to bacterial infection including NNT. 26 Unskilled birth attendants in some parts of Southern Nigeria were found to be cleansing the umbilical cord with herbal preparations, cow dung, ash, coconut oil, or mud. However, little is known in the literature on the incidence of NNT due to poor cord care practices and its association with neonatal death in Nigeria. In 2014, the WHO recommended the use of 4% chlorhexidine for cleaning the umbilical cord stump for the first 7 days of life for newborns delivered at home in countries with neonatal mortality rate equal to or more than 30 deaths per 1000 live births. However, the application of any form of antiseptic to the umbilical cord stump after birth is not recommended for newborns delivered both at home and in health facilities in countries with less than 30 neonatal deaths per 1000 live births. 27 
Methods
The study was a cross-sectional survey of NNT Integrated Disease Surveillance and Response (IDSR) surveillance data and health facility retrospective record review from January 1, 2010, to December 31, 2014. A cross-sectional approach was utilized in this study because it provides a rapid assessment of the prevalence of a disease in a target population. 28 Cross-sectional surveys are also used to examine the associations between risk factors and variables of interest. Information was extracted by trained nurses as data abstractors and experienced physicians as medical reviewers from the 3 geopolitical zones (constituencies) of Katsina State, Nigeria. Access to both NNT IDSR data and health facility records was gained with the permission of Katsina State Ministry of Health. The NNT IDSR data included NNT cases confirmed based on the WHO case definition of NNT as any newborn who could suckle normally in the first 2 days of life but was unable to suckle between the 3rd and 28th days and has muscles spams or becomes stiff during the period of illness. 29 The data abstractors also screened for double reporting of NNT cases in both IDSR and health facility records. Double reporting occurs when an NNT case is counted twice before the final prevalence rate was calculated.
The study aimed to identify whether or not associations existed between proximate factors and neonatal death using a binary logistic regression model. Data were analyzed using SPSS version 24. The proximate factors represented the independent variables, namely: (a) number of tetanus toxoid injections received by mothers, (b) the frequency of ANC visits attended by mothers, (c) place of delivery, and (d) cord care provided after delivery. Neonatal mortality represented the dependent variable, which was defined as death of newborn within the first 28 days of life. 29 Both independent and dependent variables were extracted from retrospective record review of NNT health facility records. Figure 1 depicts the association between the 5 constructs.
Retrospective record review of health facilities was considered as the appropriate approach for this study because it could determine the prevalence and risk factors for health events. 30 Figure 2 depicts the retrospective review process in the study.
Due to limited time and resources, multistage sampling technique was utilized to draw samples from each level of Figure 2 . Active surveillance retrospective record review process used in the study. At the first stage of the review process, data abstractors extract information on the prevalence of NNT and NNT mortality from the IDSR database of each health facility. Secondly, the data extractors will also screen for information on the prevalence of NNT, NNT mortality, and double reporting of NNT from health facility records and IDSR line list. The second stage of the review process is the verification of positively screened data by medical reviewers. The medical reviewers will verify information on NNT mortality and proximate factors. Adapted from Zegers et al. 31 Reproduced with permission. NNT indicates neonatal tetanus.
health care, that is, primary, secondary, and tertiary, in each of the 3 geopolitical zones in the state. The study sample consisted of 332 records of mothers of patients with NNT that were predetermined by 3 steps: (1) setting precision and statistical power, (2) calculating effective sample size using power analysis, and (3) sample size adjustment using design effect. 32 In the first step, the level of precision or a level was set at .05 so as to have a 5% chance of rejecting type I error. The statistical power was set at 95% to show that, with the sample size, the study can expect mean association between the proximate factors and neonatal death in 95% of the time. In the second step, effective sample size of 166 was realized following power analysis. However, the effective sample size was adjusted so as to account for the variance caused by multistage sampling technique. To adjust for deviation from simple random sampling, the effective sample size was multiplied by the design effect (DEFF). 33 In this study, the design effect was determined from a previous tetanus survey by Orimadegun et al, 34 who used a design effect factor of 2 to estimate the sample size required for a tetanus prevalence survey in Nigeria. Thus, sample size (N) ¼ effective sample size Â design effect (DEFF), which is 332.
Sampling and Sampling Procedure
The study population comprised mothers of newborns affected with NNT in Katsina State, Nigeria. The sample size for this study was realized through multistaged sampling technique so as to obtain a representative sample of participants from each of the 3 zones in the state. The multistage sampling technique was conducted in 3 stages that include: (1) Selection of local government areas (LGAs) through random sampling and the LGAs selected were Katsina LGA, Malumfashi LGA, and Daura LGA from Katsina, Funtua, and Daura zones, respectively. (2) Selection of health facilities from the 3 levels of health delivery, that is, tertiary, secondary, and primary levels. The health facilities were sampled using random number of tables and those selected include General Hospital, Malumfashi (secondary) and Primary Health Center, Malumfashi (primary) in Malumfashi LGA; General Hospital, Daura (secondary) and Primary Health Centre, Dan Nakola (primary) in Daura LGA; and Federal Medical Center, Katsina (tertiary), General Hospital, Katsina (secondary), and Primary Health Center, Kofar Guga (primary) in Katsina LGA. (3) The 332 records of the study population were selected through proportional probability sampling (PPS) technique due to the variations in the amount of patients with NNT admitted in the health centers, as depicted in Figure 3 .
An estimated 30 randomly selected NNT cases were tested in the pilot study at General Hospital, Dutsin-Ma, Katsina zone, Katsina State; these selected NNT cases were not be included in the larger study. It was conducted to assess the reliability and validity of instruments of data collection and to avoid missing data which is major challenge in retrospective record reviews. 30 The pilot study also enables the data abstractors to be more aware of inclusion and exclusion criteria and identification of certain challenges with the use of survey instruments. The inclusion criteria were: (1) only infants born within the neonatal period, that is, first 28 days of life; (2) all cases that had met the WHO case definition NNT; (3) all NNT cases treated in health facilities; and (4) all NNT cases treated from January 01, 2010, to December 31, 2015. The exclusion criteria were: (1) all infants born outside the neonatal period, that is, above 28 days old; (2) all cases that have not met the WHO criteria for NNT;
(3) all NNT cases treated at home; and (4) all NNT cases treated prior to January 01, 2010, or after December 31, 2014.
Instrumentation and Operationalization of Constructs
Forms A, B, and C were the instruments of data collection for the study. Form A was used to extract NNT prevalence and mortality data from the IDSR database in the 7 selected health facilities in Katsina State. The form was adapted from the WHO Death Investigation Form developed in 2002. 29 The format of the form was modified for the abstraction of NNT prevalence and mortality rates in this study. The original instrument was used by Cotter et al 35 for the evaluation of NNT elimination in Zimbabwe. Permission to modify and utilize the instrument for this study was sought from the Department of Vaccines and Biologicals, WHO, Geneva, Switzerland. Forms B and C were utilized by data abstractors and medical reviewers, respectively. Both forms are modified versions of RF1 and RF2 developed by the WHO Patient Safety Working Group for the review of harmful incidents in resource poor settings. 35 The forms are appropriate specifically for retrospective record reviews and were used in 2005 by the WHO for the retrospective review of harmful incidences among 18 146 randomly selected patients in 5 African countries, namely, Egypt, Kenya, South Africa, Sudan, and Tunisia. 36 
Data Analysis
This study examined the associations between the number of tetanus toxoid injections, frequency of ANC visits, place of delivery, and cord with NNT mortality using bivariate logistic regression model including adjusted odds ratios (ORs) and related 95% confidence intervals (95% CIs).
Results
The results of the pilot study indicated uniformity and consistency of data entry (interrater reliability) among 2 data abstractors and 2 medical reviewers (Cohen k for data abstractors ¼ 0.710, P < .0001, 95% CI: 0.41-1.01; Cohen k for medical reviewers ¼ 0.760, P < .0001, 95% CI: 0.44-1.06) A total of 336 NNT cases were identified in the 7 health facilities sampled in the study area. Since the estimated sample size for the study was 332, the selection of study participants (NNT records) was based on PPS technique due to variations in the amount of NNT cases admitted in the health centers. Consequently, there were no significant challenges faced during the retrospective record review process and no alterations in the retrospective review protocol described. The parametric assumptions for analyzing data for the study using logistic regression were checked prior to analysis. These 4 assumptions were all met, which were: assumption 1, the dependent variable (neonatal mortality) was a dichotomous variable, that is, "survived" and "death"; assumption 2, the independent variables were all categorical variables; assumption 3, there was independence of observations and the outcome variable had exhaustive and mutually exclusive categories; and assumption 4, there was no high correlation (multicollinearity) between the independent variables. Table 1 shows the outcome of the collinearity diagnostics indicating the independent variables; number of tetanus toxoid injection, tolerance ¼ 0.331; variance inflation factor (VIF) ¼ 3.021, frequency of antenatal visits, tolerance ¼ 0.305; VIF ¼ 3.275, place of delivery, tolerance ¼ 0.609, VIF ¼ 1.642; cord care, tolerance ¼ 0.635, VIF ¼ 1.574. Because all tolerance values were greater than 0.1 and all VIF values were less than 5, then multicollinearity was not a concern.
The relationship between the proximate factors and outcome of NNT is depicted in Table 2 . Concerning the number of tetanus toxoid vaccines received, up to 59% (n ¼ 197) neonates died whose mothers did not receive a single dose of NNT vaccine, while only 6% (n ¼ 19) of neonates died whose mothers received more than 2 doses of NNT vaccine (w 2 ¼ 7.80, df ¼ 2, P ¼ .02). Concerning the frequency of ANC visits, about 53% (n ¼ 177) of neonates died whose mothers did not pay single ANC visit during pregnancy, while 16.3% (n ¼ 54) of neonates died whose mothers had 1 to 3 visits of ANC visits during pregnancy, and 5% (n ¼ 16) died whose mothers completed the 4 ANC visits during pregnancy (w 2 ¼ 3.93, df ¼ 2, P ¼ .14). Concerning the place of delivery, up to 67.8% (n ¼ 725) of neonates delivered at home died of NNT (w 2 ¼ 12.24, df ¼ 1, P < .00). A great majority of neonates (63.8%, n ¼ 212) who received septic cord care treatment after delivery died of NNT (w 2 ¼ 12.90, df ¼ 1, P < .00).
A binary logistic regression analysis was conducted to predict NNT mortality based upon certain proximate factors, namely, number of tetanus toxoid injections, frequency of antenatal visits, place of delivery, and cord care. Preliminary analysis was conducted to ensure that the logistic regression model does fit the data (Hosmer and Lemeshow w 2 ¼ 4.94, P > .05), and there was no violation of the assumption of multicollinearity. The logistic combination of the proximate factors was found to be significantly associated with NNT mortality, w 2 ¼ 19.68, P < .05 with df ¼ 6. The logistic regression model indicated 9% (Nagelkerke R 2 ¼ .09) of the variance in NNT mortality, and the overall prediction success of cases was 75%. The Wald criterion indicated that only neonates whose mothers had 1 dose of NNT vaccine were significantly associated with NNT mortality. However, the findings of research questions 2, 3, and 4 showed no significant associations between frequency of ANC visits (P ¼ .20), place of delivery (P ¼ .09), and cord care (P ¼ .10), respectively. The Exp (B) value demonstrates that neonates whose mothers had 1 dose of tetanus toxoid vaccine were found to be 4% less prone to NNT mortality compared to neonates whose mothers did not have any dose of tetanus toxoid vaccine during pregnancy (P < .05, OR ¼ 4.12, 95% CI ¼ 1.04-16.29). Table 3 shows the summary of binary logistic regression analysis for proximate factors predicting the outcome of NNT.
Discussions
Findings from inferential statistics showed significant association between neonates whose mothers had only 1 dose of NNT vaccine and NNT mortality (P ¼ .04, OR ¼ 4.12, 95% CI ¼ 1.04-16.29). Mothers who had 1 dose of tetanus toxoid vaccine were found to be 4% less prone to NNT mortality compared to neonates whose mothers did not have any dose of tetanus toxoid vaccine during pregnancy. The findings correlate with an NNT survey by Akinyemi et al, 37 which used Cox hazard's model that reported that tetanus toxoid injection was associated with a decrease in neonatal mortality rate (hazard ratio ¼ 0.82, 95% CI ¼ 0.64-1.05). Similarly, McCurdy et al 38 found that newborns whose mothers received 2 or more tetanus toxoid injections were associated with low neonatal mortality rate (OR ¼ 0.78, P < .001).
Limitations of the Study
The limitation that relates to threat to internal validity was confirmed in this study. There were some concerns regarding the quality of record keeping faced in primary health centers in the rural communities. Because these challenges were not pronounced during the pilot survey, they were not anticipated in the main study. The reason was probably due to the fact that the health facility where the pilot survey was conducted (General Hospital, Dutsin-Ma) was a secondary health facility located in an urban setting that had a more functional records department with better skilled personnel than the primary health facilities in rural areas.
Recommendations
Evidence from this study suggests that the number of NNT injections is associated with neonatal mortality; thus, it is imperative to promote tetanus toxoid vaccination in the community as a means of preventing NNT mortality. The target groups for this health promotion are pregnant mothers, TBAs, and community leaders or influencers in Katsina State, Nigeria. Although TBAs are not considered as skilled health personnel, their role and influence in reducing neonatal mortality through health promotion in developing countries is acknowledged. 39, 40 Similarly, community leaders have been found to be effective in reducing child mortality through effective communication skills and motivation in developing countries. 41, 42 The focus of health promotion should be on the relevance of receiving and completing the 5 doses of tetanus toxoid injections during ANC. Due to the low literacy rate particularly among the mainstream population in Northern Nigeria, 31 mode of communication will be through the use of visual aids like pictograms for better understanding. The outcome of this study is particularly useful to Diseases Surveillance and Notification Officers and directors of the public health surveillance systems in Nigeria so as to strengthen and expand NNT surveillance by integrating NNT risk factors surveillance with the IDSR system. Missing data was an important challenge faced during the data collection process. In the future studies, pilot surveys involving retrospective record surveys should be conducted in less equipped health facilities so as to identify and find ways of addressing missing data before commencing the main study. Missing data can also minimized by the structuring and standardizing the questionnaires using closed-ended questions. This study was focused primarily on the impact of maternal proximate factors on NNT mortality; there is a need to conduct studies to identify the impact of community, social, and economic factors, for example, distance to health facility, parents' education, and religious beliefs on NNT mortality. Furthermore, future research should be conducted in the communities; findings from such community surveys may provide an in-depth assessment of the associations between risk factors and NNT mortality including the risk factors found not significantly associated with NNT mortality in this study. Although several studies concerning risk factors of NNT have been conducted, however, contemporary literate has shown that only few studies were conducted that focused on the associations of proximate factors and NNT mortality. This study indicates 2 important findings: significant association between the number of tetanus toxoid injections received by mothers and NNT mortality and underreporting of NNT in Katsina State, Nigeria. Based on these findings, methodological implications for future research includes conducting a face-to-face community survey which may provide better insight in identifying the associations between socioeconomic risk factors and NNT mortality.
Conclusion
It is imperative to adopt a novel surveillance approach by introducing identification and analysis of NNT mortality risk factors and promote tetanus toxoid vaccination among pregnant women in order to reduce the burden of the disease and attain elimination goals.
